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© A fault diagnosing apparatus includes a fault 
tree, a storage section (3a), a read control section 
(3), a display section (4), a designating section (6), 
and a rewrite section (6), The fault tree is designed 
such that a plurality of choices are set with respect 
to one question associated with a cause of a fault of 
a fault diagnosis target, answers and choices branch 
off from each of the choices, and final choices reach 
causes of the fault. The storage section stores fault 
repair items with respect to the causes of the fault. 
In response to an input operation to select one of the 
choices, the read control section reads out the se- 
lected choice, a corresponding question, choices 
branching off therefrom, and fault repair items. The 
display section displays the question, the choices, 
and the fault repair items which are read out by the 
read control section. The designating section des- 
ignates to update the fault repair items. The rewrite 
section rewrites some of the fault repair items stored 
in the storage section by using update data exter- 
nally provided on the basis of the designation from 
the designating section. 
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FAULT DIAGNOSING APPARATUS AND METHOD 



Background of the invention 

The present invention relates to a fault di- 
agnosing apparatus for detecting the cause of a 
fault when a control target in, e.g., a sequence s 
control system failed, and a corresponding diag- 
nosing method. 

In a sequence control sxstem, a control target, 
such as a plant, a processing apparatus, or an 
equipment system, is properly operated by control- w 
ling a large number of sensors and actuators, e.g., 
limit switches and solenoid valves, at predeter- 
mined timings based on a sequence program using 
a sequence controller in accordance with signals 
from various sensors arranged at the respective 75 
portions of the control target. In addition, such a 
system has a function of diagnosing a fault in a 
control target during an operation. When a fault is 
detected, the fault is displayed by means of a 
lamp, a message, or the like. 20 

In the conventional fault diagnosis, therefore, 
faults are very roughly diagnosed, and the number 
of items of faults which can be detected is very 
small. For example, in a press machine or the like, 
the number of items is about 10 to 250. In addition 25 
to fault diagnosis of a control target, fault diagnosis 
of the above-mentioned sequence controller itself, 
including a large number of contacts and actuators, 
various sensors, and the like, is performed. How- 
ever, in the above-described fault diagnosis func- 30 
tion, the display contents of abnormal states are 
limited to only phenomena, and true causes thereof 
are not displayed at all. 

Furthermore, the sequence program includes a 
control program and a program for fault diagnosis. 35 
The two programs are alternately executed. There- 
fore, the total capacity of programs is increased to 
increase a programming load. This may also inter- 
fere with the execution of the control program, and 
pose other problems, e.g., that fault diagnosis can- 40 
not be performed, at high speed. 

In the above-described fault diagnosis function, 
when a fault is detected, an operation of a control 
target is stopped as needed and only a message of 
an abnormal state is displayed. However, more 45 
detailed fault diagnosis, e.g., information of the 
cause of the fault or repair items indicating a repair 
method of the fault, cannot be informed to a user. 

For this reason, when a fault is detected and 
displayed, an operator in charge of maintenance 50 
checks a portion at which the fault has occurred, 
and also checks an operation manual. The operator 
then determines the cause of the fault or the repair 
items and performs a proper operation. 

For this purpose, therefore, the operator is re- . 



quired to have experience and skill. In addition, it is 
generally difficult to properly read a large volume 
of an operation manual within a short period of 
time. For this reason, a fault repair may require a 
long period of time. 

Especially when a control target is a manufac- 
turing machine such as a press machine, MTTR 
(mean time to repair = total time to repair 
faults/total number of faults to be repaired) is con- 
sidered as an important factor. That is, it is impor- 
tant to repair a fault within a short period of time. 
For this purpose, it is very important to detect the 
cause of a fault within a short period of time. 



Summary of the Invention 

The present invention has been made to solve 
the above problem, and has as its object to provide 
a fault diagnosing apparatus which can detect the 
cause of a fault-within a short period of time and 
can inform an operator of repair items indicating a 
repair method. 

In order to achieve the above object, according 
to the present invention, there is provided a fault 
diagnosing apparatus comprising a fault tree in 
which a plurality of choices are set with respect to 
one question associated with a cause of a fault of a 
fault diagnosis target, answers and choices branch 
off from each of the choices, and final choices 
reach causes of the fault, storage means for storing 
fault repair items with respect to the causes of the 
fault, read control means for, in response to an 
input operation to select one of the choices, read- 
ing out the selected choice, a corresponding ques- 
tion, choices branching off therefrom, and fault 
repair items, display means for displaying the 
question, the choices, and the fault repair items 
which are read out by the read control means, 
designating means for designating to update the 
fault repair items, and rewrite means for rewriting 
some of the fault repair items stored in the storage 
means by using update data externally provided on 
the basis of the designation from the designating 
means. 

After one cause of a fault is reached through a 
fault tree in an interactive mode, repair items of the 
fault are displayed. In addition, the repair items are 
designated to be selectively updated, rewriting of 
the repair items is performed in accordance with 
the designation. 



Brief Description of the drawings 
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Fig. 1 is a block diagram showing a sequence 
control system using a fault diagnosing appara- 
tus according to the present invention; 
Fig. 2 is a view showing an arrangement of data, 
such as a fault tree, stored in a memory of the 
apparatus in Fig. .1; 

Fig. 3 is a flow chart showing an operation 
method to be executed by the apparatus in Fig. 

1; 

Figs. 4 to 9 are views each showing a display 
screen of a display section used by the appara- 
tus in Fig. 1 ; 

Fig. 10 is a flow chart showing diagnosis pro- 
cessing of the apparatus in Rg. 1 ; and 
Fig. 11 is a flow chart showing a fault repair item 
updating method to be executed by the appara- 
tus in Fig. 1. 

Description of the Preferred Embodiments 

An embodiment of the present invention will be 
described below with reference to the accompany- 
ing drawings. 

Referring to Fig. 1, reference numeral 1 de- 
notes a sequence controller; 2, a large press ma- 
chine as a control target to be controlled by the 
sequence controller 1; 1a, a fault detecting section, 
of the sequence controller 1 . for detecting an ab- 
normal state (fault) of the press machine 2; 1b, a 
control section, of the sequence controller 1, for 
controlling an operation of the press machine 2 and 
roughly detecting a fault; 3, a fault diagnosis ap- 
paratus, constituted by a memory 3a, a CPU, and 
the like, for checking the cause of a fault on the 
basis of a fault detection signal from the sequence 
controller 1; 4, a display section, constituted by a 
CRT or the like and connected to the fault diagnos- 
ing apparatus 3, for displaying questions, answers, 
probabilities, and the like in accordance with the 
interaction between an operator and the apparatus 
3; 5, a keyboard for inputting an answer selected 
by the operator with respect to the apparatus 3; 
and 6, a floppy disk (FD) unit for providing update 
data of repair items to the fault diagnosing appara- 
tus 3. 

Fig. 2 shows various data including a fault tree 
and the like registered in the memory 3a. 

In this fault tree, a first question Qi is set in 
relation to one fault. Three answers A n , A2, and A3 
are prepared as choices with respect to the ques- 
tion Qt. Questions Q2, Q3, and Q4 are respectively 
set after the choices. These questions then branch 
out into choices. Final choices reach a cause 1, a 

cause 2, cause 3 The memory 3a serves to 

store data representing the number of times the 
states of the answers A1 , A2 , and A3 as the choices 
constituting the fault tree occur, and data repre- 
senting the number of times the respective an- 



swers are used (selected) in the past. In addition, 
the memory 3a stores fault repair items with re- 
spect to the causes 1 , 2, 3.... 

An operation will be described below with ref- 

5 erence to a flow chart in Rg. 3. 

When a fault occurs in the press machine 2, 
the operator operates the keyboard 5 in step ST1 
to select an abnormal state monitor function of the 
fault diagnosing apparatus. With this operation, -a 

10 schematic representation of the press machine 2 
shown in Rg. 4 is displayed on the display section 
4. In this case, the display section 4 displays the 
occurrence of an abnormal state in a die clamper 
by changing the display color of hatched portions 

75 in Fig. 4. When the keyboard 5 is operated again in 
step ST2, an abnormal state table shown in Fig. 5 
is displayed. When a specific point is designated 
from this table in step ST3, the flow advances to 
step ST4 to perform diagnosis processing in which 

20 selection of questions and answers is performed in 
an interactive mode in accordance with the above- 
mentioned fault tree. With this operation, a diagno- 
sis result, i.e., the cause of the fault can be de- 
tected in step STS. In step STS, a message shown 

25 in Fig. 7 is displayed, and a manual key is des- 
ignated as one of function keys. 

When the manual key designated by the key- 
board is depressed, repair items with respect to the 
cause of a fault are displayed, as shown in Fig. 8. 

30 These items are displayed in the order of decreas- 
ing probabilities, as shown in Rg. 9. 

An operator in charge of repair can perform a 
repair operation by referring to the above-men- 
tioned repair items. 

35 Rg. 10 is a flow chart showing the diagnosis 

processing in step ST4 in more detail. 

Referring to Rg. 10, it is determined in step 
ST41 whether diagnosis processing is performed 
with respect to a specific abnormal state, if the 

40 keyboard 5 is operated to perform this processing, 
the display section 4 displays the first question Q1 
(shown in Rg. 2) with respect to the designated 
point and the probabilities (frequencies) that the 
states of the answers (choices) Ai, A2, and A3 for 

45 the question Q1 occur. These probabilities can be 
arbitrarily set and changed and can be displayed in 
an arbitrary order instead of displaying them in the 
order of decreasing values as in Rg. 6. 

If the operator selects the answer A1 in step 

50 ST43. stack processing is performed in step ST44 
to store the selected question Q1 and answer Ai. 
Thereafter, it is checked in step ST45 whether the 
answer At is a final answer. If NO in step ST4S. 
the flow returns to step ST42 to display the next 

55 question Q2 and its answers and waits for selection 
of an answer in step ST43. The above operation is 
repeated until the flow reaches to a final answer, 
• and a selected question and answer are stored for 
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each operation. 

The above-described operation is repeated in 
accordance with the fault tree until a final answer is 
obtained. If an answer for a question is erroneously 
selected, the flow can return to the step for the 
previous question. 

If a final answer, i.e., the cause of the fault, is 
selected and displayed, a learning key is displayed 
on the display section 4 as one of function keys in 
step ST46. If this learning key is depressed once in 
step ST47, the counts of all the selected answers 
are updated in the memory 3a in step ST49 
through step ST48. Note that if the learning key is 
consecutively depressed twice, the flow advances 
to step ST51 to perform error processing. Subse- 
quently, in step ST50, the probabilities of the asso- 
ciated answers are calculated by using the counts 
updated in step ST49, and the memory 3a is 
updated on the basis of the calculation result. 

As described above, by sequentially updating 
the above-mentioned probabilities, a learning func- 
tion is added to the fault diagnosis function. That 
is, the accuracy of probabilities respectively dis- 
played with respect to a plurality of answers for 
one question is increased every time diagnosis is 
performed to facilitate selection by an operator. 
Therefore, the cause of a fault can be detected 
within a short period of time. 

Fig. 1 1 is a flow chart showing an operation to 
be executed by a CPU 3b when fault repair items 
stored in the memory 3a are to be updated. 

The memory 3a stores fault trees for a plurality 
of faults. In addition, the memory 3a normally 
stores a plurality of causes of faults for the respec- 
tive fault trees, and also stores fault repair items for 
the respective causes of faults. Therefore, the 
memory 3a stores data of a large number of fault 
repair items. When these fault repair items are to 
be updated, corresponding portions of the memory 
3a must be rewritten. The FD unit 6 is used as an 
input unit for inputting update data for this update 
operation. 

Referring to Fig. 11, when a fault repair item 
revision key as one of the function keys is de- 
pressed in step ST1, an "input range" is displayed 
in a lower portion of the screen of the display 
section 4 in step ST2. In step ST3, an address 
range (e.g., 10 to 20) corresponding to portions of 
the contents of the memory 3a which are to be 
updated. After I = initial value = is set in step 
ST4, filing data of the fault repair item which cor- 
responds to the initial value 1 is read out from the 
memory 3a (hard disk). At the same time, in step 
ST6, update data reproduced from the FD of the 
FD unit 6 are sequentially compared with the data 
read out from the memory 3a one by one. If it is 
determined in step ST7 that there is update data 
identical to the initial value I, the update data is 
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fetched to rewrite the portion corresponding to I in 
the memory 3a by using the update data. After the 
rewrite operation or NO is obtained in step ST7, 
the value I is incremented by one as I + 1 in step 
5 ST9. Thereafter, in step ST10, it is checked wheth- 
er the value I + 1 exceeds the final value I = 20. If 
NO in step ST10. the flow returns to step ST5 to 
the same processing as described above is re- 
peated. When I = final value + 1, the rewrite 

w operation is completed. 

As has been described above, according to the 
present invention, when selection of questions and 
answers is performed in the interactive mode by 
using a fault tree, one cause of a fault is obtained, 

75 and fault repair items are displayed. In addition, 
updated fault repair items can be displayed. With 
this arrangement, the cause of a fault can be 
detected within a short period of time. In addition, 
repair items for the fault can be detected. There- 

20 fore, various effects, e.g., an increase in the above- 
mentioned MTTR, and satisfactory response to an 
update of the fault repair items, can be obtained. 



25 Claims 

1. A fault diagnosing apparatus comprising: 

- a fault tree in which a plurality of choices are set 
with respect to one question associated with a 

30 cause of a fault of a fault diagnosis target, answers 
and choices branch off from each of the choices, 
and final choices reach causes of the fault; 
■ storage means (3a) for storing fault repair items 
with respect to the causes of the fault; 

35 - read control means (3) for, in response to an 
input operation to select one of the choices, read- 
ing out the selected choice, a corresponding ques- 
tion, choices branching off therefrom, and fault 
repair items; 

40 - display means (4) for displaying the question, the 
choices, and the fault repair items which are read 
out by the read control means; 

- designating means (6) for designating to update 
the fault repair items; and 

45 - rewrite means (6) for rewriting some of the fault 
repair items stored in said storage means by using 
update data externally provided on the basis of the 
designation from said designating means. 
2. A fault diagnosing method comprising the steps: 

so - providing a fault tree in which a plurality of 
choices are set with respect to one question asso- 
ciated with a cause of a fault of a fault diagnosis 
target, answers and choices branch off from each 
of the choices, and final choices reach causes of 

55 the fault; 

storing fault repair items with respect to the causes 
of the fault; 

- reading out in response to an input operation to 
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select one of the choices, the selected choice, a 
corresponding question, choices branching off 
therefrom, and fault repair items; 
displaying the question, the choices, and the fault 
repair items which are read out; 5 

- designating to update the fault repair items; and 

- rewriting some of the stored fault repair items 
stored by using update data externally provided on 
the basis of the designation. 
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